Background/Aims: The aim of this study was to evaluate the relationship between controlled attenuation parameter (CAP) and hepatic steatosis, as assessed by ultrasound (US) in patients with alcoholic liver disease (ALD) or non-alcoholic fatty liver disease (NAFLD). Methods: Patients with either ALD or NAFLD who were diagnosed with fatty liver with US and whose CAP scores were measured, were retrospectively enrolled in this study. The degree of hepatic steatosis assessed by US was categorized into mild (S1), moderate (S2), and severe (S3). Results: A total of 186 patients were included: 106 with NAFLD and 80 with ALD. Regarding hepatic steatosis, the CAP score was significantly correlated with US (ρ=0.580, p<0.001), and there was no significant difference between the NAFLD and ALD groups (ρ=0.569, p<0.001; ρ=0.519, p<0.001; p=0.635). Using CAP, area under receiver operating characteristic curves for ≥S2 and ≥S3 steatosis were excellent (0.789 and 0.843, respectively). For sensitivity ≥90%, CAP cutoffs for the detection of ≥S2 and ≥S3 steastosis were separated with a gap of approximately 35 dB/m in all patients and in each of the NAFLD and ALD groups. Conclusions: The CAP score is well correlated with hepatic steatosis, as assessed by US, in both ALD and NAFLD. (Gut Liver 2016;10:295-302) 
INTRODUCTION
Hepatic steatosis is one of the most common conditions in chronic liver disease, with an increasing prevalence of 16% to 45% in Western society, 9% to 29% in Eastern society, 76% in the obese and 46% to 80% in heavy alcoholics. [1] [2] [3] Alcoholic liver disease (ALD), induced by excessive alcohol consumption, and nonalcoholic fatty liver disease (NAFLD), caused by obesity and insulin resistance, are the most common diseases associated with hepatic steatosis, although hepatic steatosis is also found in patients with hepatitis C virus infection and those receiving certain medications, such as corticosteroids and amiodarone. 4, 5 Regardless of etiology, hepatic steatosis can progress to end stage liver disease such as liver cirrhosis or hepatocellular carcinoma. 1, [6] [7] [8] Moreover, NAFLD has emerged as one of the risk factors for coronary artery disease and type 2 diabetes mellitus. 9 Patients with NAFLD also show higher mortality from both liver related and non-liver-related death compared to the general population 1 . Thus, early diagnosis and proper management of hepatic steatosis are important.
Until now, liver biopsy is regarded as the gold standard for assessing hepatic steatosis. 1, 2, 7 However, biopsy has several limitations such as invasiveness, intraobserver/interobserver variability, severe procedure-related complications, and sampling error. It is also difficult to repeat during follow-up due to its limitations. 7, 10, 11 Thus, hepatic steatosis is mainly diagnosed by noninvasive means, using imaging modalities including ultrasound (US), computerized tomography, magnetic resonance imaging, and magnetic resonance spectroscopy in real practice. 12, 13 Among these, US is the most commonly used imaging tool to detect hepatic steatosis. In a previous study, US has 92% sensitivity and 100% specificity for the detection of hepatic steatosis compared to the use of biopsy as the standard method.
14 Another study also demonstrated that US combined with ultrasonographic images has both high sensitivity and specificity for evaluating hepatic steatosis when fat content is over 20%.
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Transient elastography was recently introduced as a promising noninvasive quantitative method for measuring steatosis. In transient elastography, hepatic steatosis is determined by the controlled attenuation parameter (CAP) and hepatic fibrosis is determined by liver stiffness measurement (LSM). [16] [17] [18] [19] This modality is objective and operator-/machine-independent. CAP can be used to assess hepatic steatosis from 10% of fat content. Moreover CAP is remarkably correlated with histological steatosis grade as well as % of lipid droplets in hepatocytes. 5, 16, 17, [20] [21] [22] A recent study reported that CAP is also well correlated with hepatic steatosis assessed by US in the general population (ρ=0.73, p<0.001). 23 However, there has been no study investigating the relationship between CAP and hepatic steatosis assessed by US regarding each etiology of hepatic steatosis. Thus, the aim of this study was to evaluate the relationship of CAP to hepatic steatosis assessed by US in patients with either NAFLD or ALD.
MATERIAL AND METHODS
Patients
From August 2012 to January 2014, 2,964 patients received transient elastography at Samsung Medical Center, Seoul, Korea. Among them, 244 patients, who were diagnosed with fatty liver by US with etiology of either NAFLD or ALD and subsequently received transient elastography within 1 month, were enrolled in this study. ALD was diagnosed when patients had moderate to severe alcohol consumption history (>40 g/day for women and >60 g/day for men) concurrent with fatty liver on US. 24 On the other hand, NAFLD was diagnosed when patients showing fatty liver in US had less than minimal alcohol consumption history (<20-30 g/day) and no other well-known causes of fatty liver such as viral hepatitis or certain medications. 24 A total of 58 patients were excluded with the following criteria: (1) presence of other etiologies of liver disease such as viral, toxic, genetic, and autoimmune hepatitis; (2) presence of hepatic malignancy; (3) unreliable or failed LSM or CAP, (4) overlapping etiologies of hepatic steatosis; and (5) lack of data. After exclusion, a total of 186 patients were analyzed in this study.
Ultrasound
Abdominal US was performed to assess hepatic steatosis. Hepatic steatosis was categorized into three groups of mild (S1), moderate (S2), and severe (S3) hepatic steatosis based on the following US features: increased echogenicity in liver parenchyma, altered hepatorenal contrast, deep attenuation, and blurred blood vessel. 14, 15 3. LSM and CAP Both LSM and CAP were assessed using the transient elastography by one professionally trained technician. The evaluation was performed on the right lobe of the liver through intercostal spaces on patients lying in the decubitus position with the right arm in abduction. Median LSM was expressed in kilopascals (kPa). We considered LSM reliable only when LSM was acquired from at least 10 valid measurements, with a success rate of over 60%, and with interquartile range/median (IQR/M) less than 0.3. Regarding CAP, ultrasonic attenuation was measured at 3.5 MHz using signals assessed by transient elastography. Median CAP was expressed in decibel per meter (dB/m). The CAP was only calculated when LSM was simultaneously valid for the same signals. Also we considered CAP reliable with both IQR/M less than 0.3 and success rate greater than 60%. 
Statistical analysis
Continuous variables are expressed as means±standard deviation or median (interquartile range) whereas categorical variables are expressed as number (%). Univariate linear regression analysis were performed to identify the factors influencing CAP (age, gender, BMI, exercise, smoking, LSM, steatosis grade in US, PLT, AST, ALT, ALP, Alb, GGT, TB, TC), followed by multivariate analysis using the factors with p<0.2 in univariate linear regression analysis. Spearman correlation coefficient was used to investigate the correlation between CAP and steatosis grade by US while z-test was utilized for evaluating the difference in correlation between the NAFLD and ALD groups. The performance of CAP for detecting each steatosis grade in US was assessed using the area under receiver operating characteristic curves (AUROC). We calculated the sensitivity (Se), specificity (Sp), positive predictive value (PPV), and negative predictive value (NPV) at the cutoff values of CAP maximizing Sp in situations with Se >90% for each steatosis grade. A p-value less than 0.05 was considered significant. All analyses were performed using SPSS software version 21.0 for Windows (SPSS Inc., Chicago, IL, USA).
Ethics statement
The study was approved by the Institutional Review Board of Samsung Medical Center, Seoul, Korea (IRB number: 2014-07-006-002). Informed consent was waived by the IRB. kPa, p=0.833). The NAFLD group also had a higher proportion of moderate to severe steatosis in US than the ALD group (p<0.001): in the NAFLD group, 30 patients (28.3%) had S1 steatosis, 49 (46.2%) had S2, and 27 (25.5%) had S3; in the ALD group, 45 (56.2%) had S1, 27 (33.8%) had S2, and eight (10.0%) had S3. In the laboratory data, only mean GGT differed between the NAFLD and ALD groups (50.3±45.1 U/L vs 95.7±91.4 U/L, p<0.001).
Patient characteristics

Factors associated with CAP
In univariate linear regression analysis, Alb (β=36.0, p=0.008), steatosis grade in US (β=35.8, p<0.001), BMI (β=5.7, p<0.001), LSM (β=2.0, p=0.019), ALT (β=0.4, p<0.001), age (β=-0.9, p=0.001), and regular exercise (β=-17.0, p=0.012) were associated with CAP in all patients ( Table 2) . Among these factors, steatosis grades in US and BMI were independent factors related with CAP in multivariate linear regression analysis (β=28.9, Data are presented as mean±SD or median (interquartile range). NAFLD, nonalcoholic fatty liver disease; ALD, alcoholic liver disease; BMI, body mass index; LSM, liver stiffness measurement; IQR, interquartile range; CAP, controlled attenuation parameter; US, ultrasound; S1, mild steatosis; S2, moderate steatosis; S3, severe steatosis; PLT, platelet; PT INR, prothrombin time international normalized ratio; TC, total cholesterol; TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl transpeptidase; Alb, albumin. p<0.001; β=3.2, p<0.001) ( Table 2 ). CAP scores increased by 28.9 dB/m with every steatosis grade increase in US, while CAP scores rose by 3.2 dB/m with every 1 kg/m 2 increase in BMI.
In subgroup analysis according to etiology, CAP was related with steatosis grade in US (β=36.3, p<0.001), BMI (β=4.7, p<0.001), ALT (β=0.3, p=0.013), platelet (β=0.2, p=0.020), age (β=-0.9, p=0.006), and regular exercise (β=-22.0, p=0.013) in patients with NAFLD; in patients with ALD, CAP was related with Alb (β=51.8, p=0.011), steatosis grades in US (β=34.4, p<0.001), BMI (β=6.8, p<0.001), ALT (β=0.4, p=0.009), and ALP (β=-0.8, p=0.010) ( Table 2) . Among these parameters, steatosis grades in US was the independent factor associated with CAP with high β coefficient in both NAFLD and ALD groups using multivariate linear regression analysis (β=30.8, p<0.001; β=22.9, p=0.001) ( Table 2 ). Additionally, BMI was independently related with CAP only in patients with ALD but its β coefficient was relatively low (β=5.3, p<0.001) ( Table 2 ).
Relationship between CAP and steatosis grade in US
Median CAP for each steatosis grade in US had a positive dose response relationship ( There was no significant difference in the median CAP of each steatosis grade between NAFLD and ALD groups (S1, p=0.826; S2, p=0.838; S3, p=0.502). Furthermore, CAP was significantly correlated with steatosis grade by US in both NAFLD and ALD groups (ρ=0.569, p<0.001; ρ=0.519, p<0.001) as well as in all patients (ρ=0.580, p<0.001), with no significant difference between etiologies (p=0.635). Fig. 2 represents ROC curves for assessing hepatic steatosis grades (≥S2 or ≥S3 steatosis) with CAP. Table 3 
Diagnostic performance of CAP for assessing hepatic steatosis
DISCUSSION
Although liver biopsy is considered the gold standard for assessing hepatic steatosis, biopsy is rarely performed due to its limitations. Consequently, steatosis is mainly evaluated using noninvasive techniques. Among these techniques, CAP is a recent, novel, and noninvasive method for both diagnosing and quantifying hepatic steatosis with accuracy, convenience, and economic feasibility, whereas US is the most commonly used Fig. 2 . Receiver operating characteristic curves and area under receiver operating characteristic curves (AUROCs) for the detection of ≥S2 and ≥S3 steatosis using controlled attenuation parameter (CAP). Using CAP, the AUROCs (95% confidence interval) for ≥S2 and ≥S3 steatosis were (A) 0.80 (0.73 to 0.86) and (B) 0.84 (0.78 to 0.90) in all patients, respectively. S2, moderate steatosis; S3, severe steatosis. 
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method for assessing hepatic steatosis. Our study attempted to evaluate the relationship between CAP and the steatosis grade assessed by US in patients with NAFLD or ALD as well as to identify differences in this relationship between the NAFLD and ALD groups. In our study, CAP is significantly related with the steatosis grade assessed by US regardless of the fatty liver etiology. Correlation coefficients between CAP and steatosis grade in US were greater than 0.5 and there was no significant difference between the fatty liver etiologies. These results were consistent with previous data suggesting significant correlation between CAP and steatosis grade assessed by US (ρ=0.73, p<0.001). 23 Of note, our study was the first to identify the relationship between CAP and steatosis grade in US according to fatty liver etiology. Our correlation coefficient was a little bit lower than that of previous studies. This discrepancy may be explained by differences in both study populations and classification criteria of the steatosis grades assessed by US. Median CAP also showed positive dose-response relationships in all patients and in both subgroups. Thus, with these results, we can conclude that CAP is considerably associated with steatosis grade assessed by US as well as histological steatosis severity, regardless of etiology. With regard to CAP performance, our results showed excellent diagnostic accuracy. Both NAFLD and ALD groups had similarly high CAP diagnostic accuracy for ≥S2 steatosis (AU-ROC, 0.79 in NAFLD vs 0.78 in ALD) and ≥S3 steatosis (AUROC, 0.82 in NAFLD vs 0.87 in ALD). These findings were consistent with previous results showing no difference in CAP accuracy for assessing steatosis between etiologies including chronic hepatitis B, chronic hepatitis C, and NAFLD using biopsy as the standard method. 22 In our study, the optimal cutoff values for detecting ≥S2 and ≥S3 steatosis were determined when the values indicated the highest Sp given that Se was greater than 90%. Consequently, fewer than 10% of the patients would be excluded from the diagnosis of moderate or severe fatty liver. These cutoff values are separated for each grade of steatosis, with a gap of about 35 dB/ m in all patients and each subgroup. In addition, β coefficient between CAP and steatosis grades in multi linear regression analysis showed comparable values around 30. These results were similar to those from a previous study with 112 patients in France, in which cutoff values were 252 dB/m for ≥S2 steatosis and 296 dB/m for ≥S3 steatosis. 20 However our cutoff values differed from those in other studies. These differences may be because the study populations were different and the previous studies used the optimal cutoff values for maximizing the Youden index. 5, 21, 23 In our study, there was no marked difference in Se and Sp for both ≥S2 and ≥S3 steatosis between the NAFLD and ALD groups, as was reported previously. 22 Also, NPV was similarly excellent in all patients and in each subgroup. Therefore, we not only presume that CAPs could detect more than 90% of patients with moderate or severe steatosis in US using these cutoff values, but also that patients with CAPs less than S2 or S3 cutoff values could be excluded from moderate or severe steatosis in US.
In our study, steatosis grade assessed by US and BMI were independently associated with CAP. Steatosis grade was the only common CAP-related independent parameter in both NAFLD and ALD groups and it was also the most important parameter with a prominent β coefficient. In contrast, none of the other parameters including LSM and all of the laboratory parameters including ALT and total bilirubin were independently associated with CAP. These results indicated that CAP is remarkably related with hepatic steatosis and that unlike LSM, necroinflammatory activity dose not influence CAP values. All of these findings were consistent with other previous studies. 16, 21, 23 Our study has a strength showing the relationship of CAP, a new promising tool, with US, the most commonly used tool, for assessing hepatic steatosis in over 180 fatty liver patients. Additionally, we compared this relationship, for the first time, in the NAFLD and ALD groups, which are major etiologies of hepatic steatosis. Assessing steatosis grade by US has a limitation by the subjective interpretation, thus CAP would help diagnosing fatty liver more accurately than US alone because CAP is expressed by quantified number and it is objective. However, our study had several limitations. First, this study was retrospectively performed at a single center. Second, although US was examined by specialized radiologists, interobserver variability could exist. Third, we did not have biopsy samples which are regarded as the gold standard for staging as well as diagnosing hepatic steatosis. Lastly, it is quite difficult to define either NAFLD or ALD precisely because quantifying alcohol consumption is subjective and alcohol ingestion fluctuates over time. To overcome this problem, our study excluded patients whose diagnosis with either of these two diseases was ambiguous.
In conclusion, our study showed that CAP is relatively-well correlated with steatosis grades assessed by US regardless of hepatic steatosis etiology. From the results of our study, we can suggest that CAP is a promising modality not only for diagnosing but also quantifying hepatic steatosis compared with US, the most commonly used method, regardless of the causes of the disease. Our study also proposes cutoff values of CAP for each grade of steatosis with each etiology, but further large scale studies are needed to confirm the optimal cutoff values.
